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Treatment of host cells with Concanavalin A prevents the assembly or release of fowl plague virus from chick fibroblasts and inhibits fusion of BHK cells by the paramyxovirus SV5. Metabolic events of the host cells are not greatly impaired during the early phase of infection. There is evi dence that the carbohydrate moiety of the Con A receptor of fowl plague virus is associated with the viral neuraminidase.
Agglutination by Concanavalin A (Con A) is one of the manifestations of the alterations which the membranes of the host cells undergo after they had been infected with enveloped viruses. This phenomenon has been observed with a large number of RNA viruses and vaccinia virus in various cell systems, and it could never be observed with nonenveloped viruses [1] [2] [3] [4] . Since parts of the cell membranes altered during the budding process form the matrix of the viral envelopes, it was not surprising to find suspensions of completed virus particles to be agglutinable by Con A 2 ' 5 . This means that the specific receptors for the phytagglutinin are exposed at the surface of the infected cell and appear in the viral envelope. Agglutinability of fowl plague infected fibroblasts occurs very early during the replication cycle, even before hemagglutinin or infectious virus is released into the medium 1 . Exposure of Concanavalin A receptors seems to be among the earliest changes demonstrable in an infected cell.
This observation prompted us to study the influence of Con A on viral replication, particularly on the synthesis of viral components and on viral release.
Since it had been shown that removal of the outer layer of the viral envelope by bromelin left a spikeless particle which was not agglutinable by Con A any longer 5 , we tried in a further series of experiments to determine more precisely whether the specific receptor determinant is associated with hemagglutinin or neuraminidase, the components removed by the bromelin treatment.
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Materials and Methods
Virus, tissue cultures and inhibition assay
Fowl plague virus as a representative of influenza viruses was grown in the allantoic cavity of 11-day chick embryos and used for the infection of chick embryo fibroblasts. After an adsorption period of 30 min. the cultures were washed and 2 ml of Eagle's Minimal Essential Medium containing 200 //g of Concanavalin A (Con A, purchased from Sigma) were added. At hourly intervals post infection two dishes were removed from the incubator, medium and cells were harvested and assayed for hemagglutinin, neuraminidase, RNP-antigen and plaque forming units according to standard procedures. Special treatments are described in results or in the legends of the respective tables.
Agglutination of infected cells by Con A and inhibition by viral components
Chide embryo fibroblasts infected with fowl plague virus were washed 6 hours post infection, and the cell layer was dispersed with EDTA as described before 2 . 0.1 ml of isolated hemagglutinin or neuraminidase in at twofold dilution series was mixed with 0.1 ml of 40 ^g/ml of Con A, corresponding to approximately 4 minimal cell agglutinating units. After 10 min at room temperature 0.2 ml of the cell suspension were added, the reaction was continuously observed and the final result scored after 10 minutes.
Preparation of hemagglutinin and neuraminidase
Hemagglutinin was obtained from virus concentrated from allantoic fluid. The preparation was split with Tween 80 (2.5mg/ml) and ether, and hemagglutinin was isolated by adsorption to erythrocytes at 4 °C and elution at 37 °C. The eluate was concentrated by pressure dialysis. Hemagglutinin and neuraminidase which were maximally segregated were prepared from the classical "viromicrosomes" 9 of infected chorioallantoic membranes. After the allantoic fluid had been harvested the membranes were removed from the eggs, washed in PBS, homogenized as a 20% suspension, centrifuged briefly to remove crude debris, and the "viromicrosomes" were finally spun down as described. The pellet was resuspended in 0.02 M Tris/HCl buffer, pH 7.8, containing 0.5 M KCl, homogenized with 0.5% of Triton X-100 for about 2 min and treated with V 2 Vol. of peroxide-free ethyl ether. Treatment of the suspension with the detergent and ether was done in an ice bath. The aqueous phase was removed after centrifugation at 4000 rpm for 20 min and residual ether was blown off with a stream of nitrogen. After a final centrifugation step at pi 25, the supernatant was used for the precipitation test with Con A. Neuraminidase was prepared by destroying the other virus components and most of the cellular proteins with pronase 10 .
Trials to precipitate hemagglutinin or neuraminidase with Con A
The Tween/ether split-product from virions or the hemagglutinin/neuraminidase mixture prepared from "viromicrosomes" were mixed with equal amounts of Con A (100 jug/ml) at room temperature and centrifuged after 30 min at pi 5. The supernatant was assayed for residual hemagglutinating and neuraminidase activities. The pellet was assayed after ultrasonic dispersion.
Experiments on cell fusion
Inhibition of cell fusion was studied with the W3 strain of the parainfluenza virus SV5 grown in the MDBK line of bovine kidney cells as described by Monolayers of baby hamster kidney (BHK 21-F) cells 7 were propagated in reinforced Eagle's Medium 8 with 10% calf serum and 10% tryptose phosphate broth. Monolayers in plastic Petri dishes (diameter 6 cm) were inoculated with SV5 at a multiplicity of 10 PFU/ cell. After an adsorption period of 90 min 2 ml reinforced Eagle's Medium without calf serum and tryptose phosphate broth were added.
Influence of Con A on RNA and protein synthesis
Incorporation of ( 3 H) uridine (30 C/mM) or ( 3 H) leucine (1 C/mM) into chick fibroplasts in Petri dishes of 9 cm in diameter was measured according to SCHOL-TISSEK u . Virus-specific RNA was distinguished from newly synthesized cellular RNA by specific hybridization with a surplus of non-labelled viral plus-and minus-strand RNA 12 . The activity of influenza RNAdependent RNA polymerase was measured in a cytoplasmic extract of infected cells 5 hours p.i. by incorporation of ( 3 H)GTP into virus minus-strand RNA in the presence of cofactors as described previously 1S .
Results
The dose response curve ( Table 2 . Replication of FPV in the presence of Concanavalin A for different periods. Con A containing medium (50 jug/m\) was removed at the time after infection indicated and incubation was continued with normal medium until 8 hours p. i. * = Incubation with normal medium was continued for 6 hours.
known from previous experiments that virus par- A series of experiments was set up to decide between these alternatives. Table 2 presents the results of experiments where the Con A-containing medium w as replaced by normal culture medium at different periods after infection. These data show that completion of the 8 hours replication cycle of FPV under the usual conditions or a continued incuba-tion of another 6 hours after removal of Con A did not liberate any virus into the medium.
Even treatment of the monolayer for 2 hours with 100//g/ml of Con A before the cultures were inoculated with infectious allantoic fluid prevented the appearance of any virus-specific material in the medium after 8 hours of incubation (Table 3) . than in controls, when the cell homogenates were sonicated or treated with Tween 80 (12.5mg/ml) and ether (equal volumes). Table 4 show clearly that a considerable amount of Con A was absorbed by uninfected chick fibroblasts during the 2 hours incubation.
The unexpected result of the experiments presented in Table 2 Table 6 . Hemadsorption by chick fibroblasts infected with fowl plague virus after treatment with Concanavalin A. 100 [Ag of Con A were added to the test plates immediately after the adsorption period. The monolayers were washed twice with PBS at hourly intervals and 2.5 ml of a 1% suspension of chick erythrocytes were added. After 15 min at room temperature the plates were washed again five times and the degree of hemadsorption (H + + + +) was scored microscopically.
Aggregation of virus products and their firm attachment to cell debris became obvious when Con A was added at different periods post infection after virus synthesis had proceeded normally (Table 5 ).
Hemadsorption to infected cells which were pretreated with Con A furnished further evidence that virus-specific products had been synthesized and introduced into the cell membrane (Table 6 ). 
Microscopic examination of Con
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Eßect of Con A on cell metabolism and on influenza viral RNA synthesis
As shown in Table 8 Table 8 . Effect of Con A on RNA-and protein metabolism of uninfected and infected tissue cultures. 100 y/ml Con A was added to 50% of the cultures immediately after infection. virus-specific RNA is about 15% of the newly synthesized RNA 12 .
Inhibition of cell agglutination by components of the viral envelope
Hemagglutinin prepared by desintegrating FP\ viria with Tw r een 80 and ether inhibited agglutination of FPV-infected fibroblasts by Con A. Agglutination gradually reappeared upon serial dilution of the hemagglutinin (Table 9) . Fig. 1 . Effect of Con A on the production of influenza RNA polymerase. 5 infected tissue cultures received 100 y/ml Con A immediately after infection, 5 infected cultures were incubated without Con A. 5 hours p. i. a cytoplasmic fraction (3.1 pg/ml protein) was prepared and tested for RNA polymerase activity by incubation at 32 °C with ( 3 H) GTP plus cofactors 13 . o -o = plus Con A; • -• = without Con A. Table 9 . Inhibition of Concanavalin A mediated agglutina tion of FPV-infected cells by hemagglutinin. 0.1 ml of Con A (40 «g/ml) was mixed with 0.1 ml of diluted hemagglutinin (30 000 HA units isolated from purified FPV by Tween/ether treatment). After 10 min at room temperature 0.2 ml of EDTA dispersed cells were added and the agglutination pattern read 15 min later.
Since it is known that this "hemagglutinin" contains at least two virus-specific components, the true hemagglutinating substance and viral neuraminidase, we tried to decide whether the Con A-specific carbohydrate is attached to one of these structures or to both. Since hemagglutinin is not available yet in pure form and the purification procedure for isolated neuraminidase involves treatment with pronase, another approach was chosen for this question. In each experiment total hemagglutinating and enzymatic activities could not be fully recovered from the pellets, because binding of Con A entrapped these components so firmly within the precipitates that they could hardly be dispersed. Table 10 . Precipitation of envelope components of FPV by Concanavalin A. 1 mg/ml of Con A were mixed with an equal volume of the virus preparations, left at room temperature for 30 min and centrifuged at a performance index of 7.5.
Precipitation of neuraminidase by Con
Discussion
The anti-neuraminidase antibodies is rather due to lattice formation than to a block of the active site of the neuraminidase molecule 18 .
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